The morphology of the eggs and miracidia of Eurytrema coelomaticum was analyzed. The eggshell presented different composition according to the maturation stage of the egg, as seen by distinct birefringence after polarized light microscopic analysis. Detailed morphology of the brownish eggs, measuring 44.97±3.83 (38.67 -51.40) μm in length and 30. 71±2.54 (25.79 -34.47) μm in width, and the different electrondensities of the inner, middle and outer layers of the eggs were determined using light (bright fi eld and DIC) and electronic microscopy (scanning and transmission). The morphometry of the eggs is in accordance to those measures presented in previous studies. The miracidia were observed using light microscopy, inside and outside the egg. It was possible to observe the terebratorium at the anterior end of the body, the ciliated epidermal plates, placed according the formula E=2E 1 + 2E 2 , and the interepidermal ridge, but eyespots were not observed. The excretory vesicle was laterally placed in the posterior middle of the body and the germ balls were observed. The miracidium inside the egg was observed by routine techniques, but the miracidium was not well preserved. Thus, the eggs were processed using high pressure-freeze substitution technique and reasonable preservation was achieved. The cilia covering the larval body, with a typical ciliary organization, the terebratorium with folds and the junction of the epidermal ciliated cell with the larval body were seen. For the fi rst time detailed information on the eggs and miracidia of E. coelomaticum is given, which can be the basis for new studies.
Introduction
Eurytrema coelomaticum (Giard et Billet, 1892) Looss, 1907 is a digenetic trematode found in Brazil and in some Asian countries. In spite of its economic and veterinary importance, it is poorly studied (Bassani et al., 2006; Ilha et al., 2005) . The Eurytrema species are found in Europe, Asia and South America and commonly parasitize the pancreatic ducts of ruminants, particularly affecting cattle, causing economic losses due to reduced meat and milk production. Since the description of E. coelomaticum, only Tang and Tang (1977) have reported the biology and epidemiology of this species, presenting drawings of the larval stages during the life cycle of this trematode. Brandolini and Amato (2001) showed the larval development of E. coelomaticum in the snail host, using histological techniques. But new descriptions of the morphology and ultrastructure of the intramolluscan larval stages of this parasite were only published many years after its description 2012) . During E. coelomaticum's life cycle, the adult worms release mature eggs in the pancreatic ducts, from where they are carried to the intestine with pancreatic secretions and eliminated with the feces. The eggs, each with one fully developed miracidium, remain in the external environment until being ingested by the snail host Bradybaena similaris, where the larval intramolluscan development begins. In the external environment the eggs must protect the enclosed larvae to ensure their viability and ability to enter the fi rst intermediate host and establish infection. The eggs of helminth parasites are also important elements to diagnose patent infections by parasitological examination of feces. For the best-known species, such as Fasciola hepatica and Schistosoma mansoni, many studies have been performed on the structure of the fl uke eggs (Wilson, 1967; Race, 1969; Irwin and Threadgold, 1972; Koie et al., 1976) . Travassos (1944) reported the dimensions of E. coelomaticum eggs (50 -42 μm length and 23 -30 μm width). Tang (1950) did the same for E. pancreaticum eggs (55 -41 μm length and 38 -28 μm width). Travassos (1944) also stated that mature eggs are dark brown and thick shelled, while immature ones are lighter in color. While it is possible to fi nd some studies of E. coelomaticum eggs, the miracidia were only cited by Tang and Tang (1977) , when they described the establishment of the infection in the snail host. These authors presented a single drawing of the miracidium, but they did not describe its morphology. Thus, this larval stage of E. coelomaticum is largely unknown. The present study aimed to clarify some points of the morphology of the eggs and miracidia, using light (bright fi eld, polarized light and DIC), scanning and transmission electron microscopy, since the previous studies only contain drawings of these stages and further elucidation of some points is needed.
Materials and Methods

Collection of E. coelomaticum and obtaining eggs
The adult worms were collected from the pancreas of naturally infected cattle that had been slaughtered in an industrial abattoir (Matadouro Municipal de Barra Mansa, Barra Mansa, RJ, Brazil). The adult worms were kept overnight in Petri dishes with Locke's saline solution (Humason, 1979) . Adult worms were discarded and eggs were sedimented. The eggs were washed three times in Locke's saline solution and stored at 10 ºC until examination. Adult worms of each collection were randomly sampled, processed according to Amato et al. (1990) and identifi ed as E. coelomaticum according to Yamaguti (1971) .
Light microscopy
For light microscopy (LM), fresh eggs with miracidia inside were randomly chosen and transferred to glass slides with the saline solution as medium and observed by bright fi eld, DIC and polarized light microscopy, and 133 eggs were measured. The eggs and miracidia were observed and measured using an Olympus BX51 light microscope, and the images were captured with an MRc5 AxioCam digital camera and processed with the Axiovision program. The measures are presented as mean and standard deviation with the minimum and maximum in parentheses. After observation of the fresh eggs, slight pressure was applied on each cover slips to open the egg and force the miracidium out. The miracidia were impregnated with 0.15 % aqueous silver nitrate according to Amato et al. (1991) , and their epidermal ciliated plates were analyzed under the light microscope (n=34).
Scanning and transmission electron microscopy of eggs
For scanning electron microscopy (SEM), the eggs were fi xed in 2.5 % glutaraldehyde in 0.1M cacodylate buffer, pH 7.4. The fi xed larvae were washed three times in 0.1M cacodylate buffer, pH 7.4, post fi xed in 1 % osmium tetroxide and 0.8 % potassium ferricyanide, and washed again in the same buffer. The larvae were dehydrated in a crescent ethanol series and critical-point dried using CO 2 (Baltec CPD). In some experiments, the dried specimens were mechanically fractured. The sporocysts were mounted on metallic stubs and gold coated . The observations were made using a Zeiss DSM962 or a Jeol SEM5310 scanning electron microscope, operating at 20 kV. The images were obtained using the SemAfore software. For transmission electron microscopy (TEM), fresh eggs were fi xed in 2.5 % glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4 for 24 h. The fi xed eggs were washed in 0.1 M cacodylate buffer, post fi xed in 1 % osmium tetroxide and 0.8 % ferrocyanide, washed again in the same buffer, dehydrated in a crescent series of acetone and then infi ltrated and embedded in epoxy resin (Polybed). Semi-thin sections were stained with toluidine blue and observed under the light microscope. Ultrathin sections were stained with uranyl acetate and lead citrate (De Souza, 2007) and observed with a Zeiss 900 transmission electron microscope at 80 kV. This procedure did not preserve the miracidia inside the eggs, and it was not possible to obtain images of the larvae. For this reason, the eggs with miracidia were processed as described below. Alternatively, for TEM the fresh eggs, with live miracidia enclosed, were sandwiched in aluminum carriers (3 x 0.5mm) (Leica Microsystems, Vienna, Austria). The sandwiched samples were mounted in the high-pressure freezing (HPF) holder and frozen using a Bal-Tec HPM 010 HPF machine (Bal-Tec, Corp., Liechtenstein). After freezing, the samples were transferred immediately to liquid nitrogen, in which they were maintained until required for further processing. Samples were immersed in a substitution medium consisting of 2 % (vol/vol) osmium tetroxide, 0.1 % (vol/vol) glutaraldehyde and 1 % (vol/vol) water in acetone , pre-cooled to -90 ºC using a Leica EMP apparatus (Leica Microsystems, Vienna, Austria). The samples were kept at -80 ºC for 72 h, then warmed to -20 ºC for 15 h and maintained at 4 ºC for 2 h (Girard-Dias et al., 2012) . After substitution, the samples were washed three times with acetone at room temperature and then stepwise embedded in epoxy resin (Polybed) and polymerized using a microwave oven. Ultrathin sections were stained with uranyl acetate and lead citrate (De Souza 2007) and observed under a Zeiss 900 transmission electron microscope at 80 kV. The images were obtained using the iTEM software.
Results
Eggs
The eggs of E. coelomaticum in different developmental stages were observed using LM, and displayed a brownish or yellowish color and an elongated shape. These eggs did not contain miracidia (Figs. 1a and e) , while the mature eggs were brownish and each contained a single fully developed miracidium (Figs. 1c and  f) . The observation using polarized light showed different birefringence of the immature (Fig. 1b) and mature eggs (Fig. 1d) . Only the brownish eggs were used in the morphological studies. The operculum was evident at the anterior end of the eggshell (Fig. 1e) and it detached when slight pressure was applied on the coverslip, releasing the egg content (Fig. 2a) . SEM revealed grouped or isolated eggs (Figs. 2b and c) (Fig. 2d) . The eggshell is thick, 3.70 ± 0.56 μm (3.3 -4.1) at the anterior and posterior ends and 2.32 ± 0.43 μm (1.8 -2.8) laterally. It was possible to distinguish three different regions of the shell: the inner and outer surfaces, both very thin and more electron-dense, and the middle, less electron-dense heterogeneous layer, composing the major part (Fig. 2e) . It was possible to observe the region of the operculum insertion in the egg (Fig. 2f) , showing no specialization or any other detail on the contact surface between operculum and shell. 
Miracidium
It was possible observe the precise moment of the miracidium's exit from the egg, by placing slight pressure on it (Fig. 3a) . When these miracidium was silver nitrate impregnated, it was possible to observe the delimitation of one epidermal ciliated plate (Fig. 3b) . When the miracidium was entirely out of the eggshell, it presented an elongated shape, in the anterior-posterior direction (Fig. 3c) , with one interepidermal ridge in the anterior row (Fig. 3d) . In miracidium out of the egg it was also possible to observe an excretory vesicle, which determined the frontal position of the larva, and the excretory vesicles opened in a lateral aperture of the body. In another view, the miracidium appears peach shaped (Fig. 3d) , with the terebratorium located in the anterior end ( Fig. 3a and c) . The larval body is covered by cilia. The excretory system is located in the posterior middle of the miracidial body, with the excretory vesicles having apertures located in the interepidermal space between the fi rst and second interepidermal ridges (Fig. 3d ) and the germinal cells (Fig. 3d ).These observations allow us to propose the existence of two rows of epidermal ciliated plates, one anterior composed of two cells in a ventrodorsolateral (VDL) position, and a second row in the posterior region of the body, also composed of two epidermal ciliated plates in the same position. Thus, it is possible to propose the following, using the nomenclature described by Dimitrov et al. (1995) :
TEM after routine processing technique showed the miracidium inside the egg always partially decomposed, due to the diffi cult penetration of the fi xative (Fig. 4a) , but in the well-preserved larvae it was possible to observe the cilia of the epidermal ciliated plates covering the larval body, but the interepidermal ridge was not seen (Fig. 4b) . The point where the anterior epidermal ciliated plate is attached to the miracidium body was observed ( Fig. 4c ) with an image of two adjacent membranes, forming a septate junction. At the anterior end, the terebratorium presented the penetration gland with a space, probably occupied by the products of the penetration gland, used by the larva to penetrate in the digestive system of the host snail (Fig. 4c) . In addition, in this region there were folds in the tegument, increasing the contact surface and favoring the adhesion of the larva to the body of the intermediate host snail when the penetration occurs in its intestine. Figure 4d shows a detail of the cilia, revealing a typical ciliary organization with axis, basal body and root, at an angle near 90º in relation to the axis.
Discussion
The shape and color of the eggs were similar to previous reports in the literature (Tang, 1950; Tang and Tang, 1977) , but for the fi rst time the different birefringence of the eggs according to their developmental stage was observed. This difference may be related to the distinct stage of tannin impregnation, with the immature eggs being poor and the mature ones rich in tannin. The presence of tannin in the eggshell of trematodes gives them their brownish color and is probably responsible for the different birefringence observed here in E. coelomaticum eggs. For a long time it was thought that the Mehlis gland provided the precursor material of the eggshell, so that in older articles the Mehlis gland was referred to as the "eggshell gland". However, most of the material from the eggshell is produced by the vitelline cells. In some species, the Mehlis gland produces two distinct types of secretions: membranous bodies and mucoid dense bodies. The membranous bodies are aggregated around the egg, as a mold for the vitelline cells, while mucoid dense bodies act to mediate the coalescence of vitelline cells for eggshell formation (Bogitsh, 1987) . According to Cordingley (1987) , the stabilization of structural proteins like sclerotin and keratin to give rigidity to the eggshell occurs by crosslinking of adjacent chains of amino acids to proteins. Most digenetic trematodes' eggs appear to achieve stabilization by a process of quinone tanning, where the eggshell becomes hard and brownish. Although the observation of isolated eggs is more useful in studies of morphology and morphometry, the observation of grouped eggs provides more insight into the natural condition in which these eggs are found in nature. The dimensions of the eggs measured in the present study are different from those reported by Tang (1950) , who observed length and width of 46 and 32 μm, respectively, for E. pancreaticum eggs. This is an important result, since the taxonomy of Eurytrema species is confused, especially in relation to the species E. coelomaticum and E. pancreaticum. This difference in the egg size reported here, with the E. pancreaticum eggs being larger than E. coelomaticum eggs, constitutes a new feature, not described until now, that can help in the correct identifi cation of both species, reinforcing the data reported by Zheng et al. (2007) using molecular biology techniques. Also, this is the fi rst report of the ultrastructure of the eggshell, which is thicker in the anterior and posterior ends and thinner in the middle/lateral region. Also, there are no specializations such as the knob described at the posterior end of the eggshell in Echinostoma paraensei (Pinheiro et al., 2004a; b) . This characteristic has not been shown before. The operculum region was fi rst viewed Fig. 4 . TEM of miracidium of Eurytrema coelomaticum. a -Egg processed by routine technique, showing the eggshell (es) and one degenerated miracidium (dm) inside it. Scale bar=5μm; b -One miracidium (m) partially preserved using the high pressure-freeze substitution technique, with the cilia (c) covering the larval body and the anterior end (ae) well defi ned with the terebratorium (t). Scale bar=5μm; c -A detailed view of the terebratorium region (t) with foldings (f), and the junction (j) between the one anterior ciliated epidermal cell and the miracidial body. Scale bar=1μm. d -A detail of the cilia in the ciliated epidermal cell, with the root (r) in a 90º degree angle, basal body (bb) and the axis (a). Scale bar=500nm using SEM and TEM, and by LM, it was possible to observe its detachment and the early exit of the miracidium from the egg. The previous published study on the morphology of E. coelomaticum (Tang and Tang, 1977) only contained drawings or fi gures, with little defi nition and details of the eggs, opercula and their aperture. The miracidia of some trematodes, such as Schostosoma mansoni and Fasciola hepatica, have been widely studied (Pan, 1980; Mueleman, 1972) , but the miracidium of E. coelomaticum was only roughly described by Tang and Tang (1977) , with no description of the larva. For the fi rst time, images of the E. coelomaticum miracidium are presented here obtained by LM and TEM, revealing details of the miracidium body and structure. The present study reveals detailed morphology of E. coelomaticum miracidium, including the terebratorium region in different moments, showing the variation in the shape of this structure, which led Tang and Tang (1977) to describe the presence of a stylet in the anterior region of the terebratorium. Here we observed that this "stylet" was in reality the interepidermal ridge between the two epidermal ciliated cells in the anterior row. The precise moment of the miracidium emerging from the egg was also shown, with aperture of the operculum. Also, the excretory and reproductive systems were observed and some details of these structures corroborated the information initially described by Tang and Tang (1977) . The silver nitrate impregnation showed the epidermal ciliated cells. The miracidium body is covered by four ciliated epidermal plates (cells) arranged in two rows of two cells each, and the exact position of them is described according to the nomenclature of Dimitrov et al. (1995) . The variation in the miracidial shape observed in the fi gures presented here corroborates the fi ndings of Pinheiro et al. (2004) , who using TEM observed longitudinal and circular musculatures in the miracidial body, allowing contractions in both directions and resulting in an elongated or pear shape of the larvae, depending on the contraction status. An important observation in the present study is the interepidermal ridge of the anterior row, which in the previous published report (Tang and Tang, 1977) was called a stylet because it appeared to be an artifact to those authors. Using TEM, it was possible observe details of the terebratorium region, revealing folds, as well as the apical gland inside it and the junction of the anterior epidermal cell and the miracidium body. Further studies observe well preserved larvae will be needed to determine the ultrastructural details, such as reproductive and excretory system, as well as the tegument. This study brings new information on the procedures to obtain better images using the HPFS technique, to overcome the eggshell barrier in the fi xing and embedding procedures. The present study provides important details of E. coelomaticum morphology, obtained by using different techniques, which together improve understanding of this trematode. It is somewhat diffi cult to discuss our results due the lack of data about the morphology of this parasite in the current literature. Since 1977, this is the fi rst morphological study on the eggs and larvae (miracidia) of E. coelomaticum and the fi rst using different techniques to observe this parasite. The absence of information of a widespread trematode that causes substantial losses to cattle breeders points to the need for more studies of this species. So, this is basically the fi rst report on the morphology of eggs and miracidia and corrects some mistaken information. However, complementary studies are needed to obtain more detailed information, not only for a better understanding of the morphology, but also the biology of E. coelomaticum, mainly the eggs and miracidia. Studies are particularly necessary to determine eggshell composition of mature and immature eggs by using SEM and TEM X-ray microanalysis, as well as NMR and mass spectrometry. Also, better characterization of the ciliary system organization in the miracidium by comparing it to that of ciliated protozoa would be welcome. Finally, SEM and TEM analyses of fragments of host snail tissues should be done to reveal the interaction between the larval stages and host. Therefore, the present study is the basis for further studies to improve the knowledge of this trematode's biology, which will enable studies to develop drugs to control eurytrematosis, a cattle disease that occurs widely in the southern region of Brazil as well as in some countries in Asia, such as China and Japan.
